Effective dielectric function of laser-pumped anatase nanoparticles: influence of free carriers trapping and depletion of valence band.
Anatase nanoparticles were examined using the z-scan technique with simultaneous measurements of the intensity of the scattered laser light. In the course of the z-scan experiments, the average intensity of probing laser pulses varied between 1.0·106 W/cm2 and 1.08·1011 W/cm2 at the wavelength equal to 355 nm and between 1.0·107 W/cm2 and 1.0·1012 W/cm2 at 532 nm. The pulse duration was equal to 10 ns in all cases. A method for recovery of an effective dielectric function of nanoparticles is suggested. It was found that, in the case of the interband transition, the recovered dielectric functions for a short duration of the laser pulse sequences can be fitted by parametric dependencies corresponding to the Lorentz model. A kinetic model describing the changes in the population of mobile carriers is considered. It was found that the efficiency of the charge recombination is considerably less than the efficiency of the trapping. The dwell time of the mobile charge carriers before being captured was estimated as ≈13 ms.